ABSTRACT
INTRODUCTION

23
Vertically-transmitted pathogens are broadly important in natural and managed animal 24 populations (Fine 1975 , Turelli 1994 , Dubey and Lindsay 1996 , Tenter et al. 2000 , Ebert 2013 ).
25
Epidemiologically, vertical transmission alone is not sufficient for the persistence of virulent 26 pathogens, because they are selected out of the host population whose healthy members enjoy a 27 greater lifetime reproductive success, and because vertical transmission fidelity is not perfect 28 (Fine 1975 , Lipsitch et al. 1995 . Thus, in the absence of compensatory mechanisms such as sex-29 ratio distortions (Hurst 1993) or the prevention of superinfection by more virulent pathogens spreading strategy in endosymbionts (Ebert 2013) . To better understand the epidemiology of 38 such pathogens, it is important to determine specific mechanisms by which they can be 39 transmitted effectively in the host population.
40
Cannibalism is a widespread behavior (Fox 1975 parasite Nosema muscidifuracis is transmitted vertically in the hymenopteran parasitoid 46 Muscidifurax raptor from mother to offspring, but also between cannibalistic larvae as they 47 develop within the host (Geden et al. 1995) . 48 However, cannibalistic transmission does not act like a typical horizontal mode of transmission, 49 since it involves, by definition, the death of the victim of cannibalism. Therefore, unlike normal 50 horizontal transmission, the transfer of infection to a cannibal does not generate net new 51 infections in the host population; that is, it is not a 'spreading process' ( 
82
METHODS
83
Our models consider a homogenous population of N hosts, each of which may be either Cannibalism is a density-dependent mortality factor, and therefore has the capacity to regulate 124 the densities of cannibalistic populations (Claessen et al. 2004 ). We first model a limiting case
125
where the host population is regulated only by cannibalism:
In this model, susceptible hosts give birth at a rate of offspring per individual per unit time,
129
while the birth rate for infected hosts is ( ≥ susceptible cannibal consumes an infected victim, it contracts the infection with probability .
135
In Appendix S1 we present the analytical solution for this system of equations at equilibrium.
136
Model 2: Tight regulation by a factor other than cannibalism 137 We now consider the opposite limiting case, in which the host population is tightly regulated,
138
regardless of cannibalism rate, by a different ecological factor (e.g. a fixed number of available 139 territories). Thus, the population size is fixed at a constant, strict carrying capacity, . 
152
In Appendix S2 we present the analytical solution for this system at equilibrium. winning a cannibalistic encounter with conspecifics.
181
We assume that larvae within habitats both compete with, and may cannibalize, each other.
182
Competition resembles intense contest, where only larvae can emerge from each habitat.
183
Typical numbers of successful emergences can be as low as one or two larvae per habitat, as in additional, randomly selected larvae are removed from each habitat.
197
The surviving larvae emerge to the adult population of the next generation. Thus, the adult 198 population is constant over time after the second generation at ( ) = , but the prevalence 199 of the disease, ( )/ ( ), may change over time.
200
The parameter values used in the simulation results presented here are: = 100 larval habitats; 
217
RESULTS
218
According to our conceptual model, for any > 0, cannibalism is a process of differential 219 elimination with respect to infection status: susceptibles are removed at a greater rate than 220 infecteds. For example, in the first round of cannibalism, we create /2 pairs randomly, and 221 allow cannibalism to occur. This results in /2 survivors, of which at least half (in case = 0) 222 are infecteds (see Table 2 ). Thus, while cannibalism reduces the total number of infecteds in the its density, while vertical transmission rate does not depend on population density.
13
In the limiting case of a host population that is regulated by cannibalism exclusively (Model 1), 238 equilibrium population density is inversely related to per-capita cannibalism rate (Appendix S1).
239
Thus, increasing per-capita cannibalism rate ( ) by any factor results in a decrease in population 240 density by exactly the same factor, leaving the frequency of cannibalism unchanged ( ). Thus,
241
due to a fully compensatory demographic feedback, pathogen prevalence is indifferent to per-242 capita cannibalism rate ( Figure 1A ). This result holds for the entire space of possible parameter 243 values (Appendix S1). of cannibalism saturates only at higher cannibalism rates). Both of these patterns are the result of 271 a reduction in host population density, leading to a lower frequency of cannibalistic interactions.
272
Model 5 explored these general ideas using a more concrete example from a common life 273 history, wherein contest competition and cannibalism occur in the larval habitat. Our simulations
274
showed that disease prevalence in the adult population increases strongly with cannibalism rate
275
( Figure 2A ). For lower cannibalism rates, the pathogen is often lost from the population entirely 276 15 ( Figure 2B ). Under low cannibalism, most larvae die from competition, and the probability that 277 the emerging adults will be infected is low. However, as the cannibalism rate increases, 
